A series of "winter" and "summer" Lucke kidney tumors of the frog (Rana pipiens) were homogenized and fractionated by differential centrifugation into nuclear, mitochondrial, and mitochondrial supernatant fractions. Winter tumors often contained high concentrations of herpesvirus, whereas no virus was observed in any of the summer tumors. The crude tumor fractions were further purified by ratezonal sucrose gradient centrifugation in a B-XV zonal rotor. Gradient fractions rich in an enveloped, nucleated form of the herpesvirus from certain winter tumors have induced renal tumors when injected into developing frog embryos. Zonal centrifugation was followed by isopycnic banding of the virus zones for further purification of the different morphological forms of the virus.
It has been known for some years that a herpesvirus is associated with the Lucke renal adenocarcinoma of the frog Rana pipiens (4, 7). Herpesvirus synthesis is observed only when the tumorbearing frogs are subjected to low-temperature incubation, either natural or in the laboratory ("winter" tumors, reference 10). Tweedell (16) obtained a high percentage of tumors in developing frog embryos by injection of winter tumor fractions separated by differential centrifugation. We have reported similar tumor induction with certain sucrose gradient zonal centrifuge fractions of winter tumors (9, 10) . Only those fractions enriched in an enveloped nucleated form of the virus induced tumors, and it was suggested that this morphological form of the virus was a factor in the development of the Lucke tumor.
The original application of the zonal centrifuge to the purification of the Lucke herpesvirus was described earlier in a preliminary report (15) . We have continued these studies, and this paper is a more detailed report of the results of this work.
MATERIALS AND METHODS
A number of tumors from cold-treated frogs were used in these studies. The histories, weights, and other pertinent data on these tumors are given in Table 1 . Also, several "summer" tumors from frogs maintained at room temperature were studied, and the data on these samples are also given in Table 1. The tumor-fractionation, zonal-centrifugation, isopycnic-banding, and electron-microscopy procedures used in our laboratory were described earlier (15) . Briefly, the tumors were homogenized in isotonic sucrose and separated by differential centrifugation similar to methods of Tweedell (16) to yield tumor nuclear, mitochondrial, and mitochondrial supernatant fractions. These crude fractions were subjected to rate-zonal sucrose gradient centrifugation employing a B-XV rotor (2) . The virus in the zonal centrifuge fractions was concentrated by high-speed centrifugation and then banded isopycnically by long-term centrifugation in preformed sucrose or salt gradients with swinging-bucket rotors. All viral suspensions were examined in the electron microscope with the negative-staining method; solid tissue and selected virus pellets were studied by the thinsection technique.
The following chemical analyses were used in this work: total protein by the Lowry method (6), deoxyribonucleic acid (DNA) by the diphenylamine reaction, and ribonucleic acid (RNA) by the orcinol reaction as used by Ben-Porat and Kaplan (3) The herpesvirus in the Lucke tumors exhibited the complete range of herpesvirus morphology as previously described (7, 12, 13) . This included nucleated particles with and without outer envelopes, empty capsids, and a small percentage of particles with an amorphous coating, presumably an antibody coating as observed for human herpesvirus reacted with appropriate antisera (8) . A striking feature of many of the winter Lucke tumors was the prominent viral inclusions in most of the tumor nuclei. Thinsection electron microscopy revealed that these inclusions consisted of membrane-bound sacs of closely packed nucleated virus with each particle in the sac individually contained within a tight outer envelope (Fig. 1) . The same nuclei with sacs of enveloped virus also generally contained large numbers of nonenveloped empty capsids. Many virus-infected cells in the tumor were in a degenerated state suggestive of the cytopathic effect produced by other herpesviruses in susceptible cells. In addition to the morphological forms of herpesvirus just described, several tumors contained significant numbers of 55-nm particles and 65-nm tubular structures which are thought to be aberrant forms of viral protein (13) .
No virus was observed by direct thin-section electron microscopy in any of the "summer" tumors from frogs held at room temperature.
Tumor fractionation by homogenization and differential centrifugation. Tweedell (16) obtained the highest tumor-inducing activity in tadpoles from the mitochondrial fraction of winter tumors. We have confirmed the finding of oncogenic activity in the mitochondrial fraction (10, 11) . Electron microscopy of these infectious crude preparations always revealed the presence of large numbers of the membranebound viral sacs described above together with some dissociated, tightly enveloped nucleated particles. It was presumed that the "mitochondrial" fraction contained those viral inclusion sacs released from degenerating or damaged Fig. 3 presents the ultraviolet absorption profiles of the sucrose gradients from the mitochondrial fractions of several tumors, including a virus-free summer tumor. The magnitudes of the peaks of ultraviolet absorption indicated by the arrows correlated with the concentrations of enveloped nucleated virus in the zones (Fig. 3) .
Electron microscopy of the concentrates from the zones of enveloped virus showed that a high degree of purification often was achieved by this single rate-zonal centrifugation step (Fig. 4) .
Note the morphological uniformity and purity of these selected viral suspensions as revealed by both negative staining and thin-section electron microscopy.
Zonal centrifuge concentrates rich in enveloped nucleated virus from the mitochondrial suspension of combined frog tumors 4 and 5 (Table 1) have induced high percentages of tumors when inoculated into tadpoles (9, 11) . Tumor induction has been observed only with preparations containing high concentrations of the enveloped nucleated form of the Lucke herpesvirus. Figure  5 shows one of the typical tadpole tumors induced by a zonal centrifuge concentrate.
It should be noted that the high degree of separation and concentration achieved by the Isopycnic banding of rate-zonal concentrates. Selected virus concentrates from the ratezonal experiments were subjected to long-term centrifugation on preformed sucrose or salt gradients (potassium tartrate or cesium chloride) to effect a further separation based on particle density of the various virus forms and other particulates in the samples. This was an application of the S-p principle of Anderson (2) : zonal separations based on sedimentation rate followed by isopycnic banding of the rate-zonal fractions. This procedure was effective in obtaining purified concentrates of the enveloped nucleated virus which banded isopycnically at density 1.20 in sucrose and potassium tartrate and density 1.22 in cesium chloride. Also, relatively purified concentrates of nonenveloped, nucleated particles could be obtained from the density 1.25 to 1.27 zone in sucrose and potassium tartrate and at density 1.27 to 1.29 in cesium chloride. The enveloped and nonenveloped nucleated virus concentrates after isopycnic banding showed significant levels of DNA (10 to 30 ,ug/ml), no detectable RNA (<5 ,g/ml), and total protein contents of about 100 ,g/ml.
The incomplete empty capsids banded isopycnically at density 1.18 We have subjected several frog virus suspensions to fluorocarbon (trichlorotrifluoroethane) extraction (5, 7, 16) (Fig. 4D ).
